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GUEST ARTICLE: AN OPERATIONAL SYSTEM OF GRADING 
by T. H. Gawain and G. H. Lindsey 
EDITORIAL NOTE: 
This article is an exerpt from a presentation by Professors Gawain and Lindsey of the 
Aeronautics Department made to the Annual Meeting of the Pacific Southwest Section of the 
American Society for Engineering. The article made available by Professor Gawain describes 
the program presently being tested in the Aero Department. 
An Operational System of Grading 
Why Is a New Grading System Needed? 
The Aeronautical Engineering Department of the Naval Postgraduate School is currently 
testing and evaluating a radically new system of academic grading in a three year pilot 
program. This program represents a decisive break with the traditional form of grading 
which has been in use at this school since its founding. Why after all thes~ years has 
it been decided to try something new and different? Why is a new grading sys~em needed? 
What's wrong with the traditional scheme? 
To answer these questions, it is well to start by reviewing briefly some features of 
the traditional system. as used for many years at the Postgraduate School and which may 
be typical in some respects of those used at other institutions. This system uses just 
five letter grades. . . . The nominal meaning of each grade as defined in the school 
catalog and the corresponding values on a numerical grade point scale are also summarized. 
~ Intermediate grades such as A-, B+ and so on are not permitted in this particular 
system. 
A very important feature of the scheme is the grade point average (GPA). This is 
defined as the weighted average of all grades received by the student, the grade received 
in each course being weighted by the total credit hour value of that course. 
The degree requirements traditionally spell out not only the kind of curriculum which 
must be completed, but also the minimum GPA that must be achieved or exceeded. At the 
Postgraduate School. these requirements are as shown in Table II. 
Table II GRADE POINT AVERAGE REQUIREMENTS 
Degree 
B.S. or B.A. 







At first view, the foregoing scheme seems to be quite reasonable. It seems 
fairly representative of the methods used in other comparable institutions. However, 
experience with this particular version has shown the existance of certain difficulties. 
In the existing system satisfactory work at the graduate level normally earns a grade 
of B. This grade counts as 2.00 on the grade point scale. Moreover, to qualify for 
a graduate degree, a GPA of not less than 2.00 is required, with 1.99 treated as 
definitely failing grade. By this system, a student who is actually doing satisfactory 
work at the graduate level receives credit which differs from failure by only 0.01 
grade point. In other words, satisfactory work is treated not as satisfactory, but 
as nearly failing! The consequences to the student of this built-in bias can be very 
grave. For example, consider a hypothetical student who pursues graduate work for two 
years and earns 100 credit hours of straight B grades. Suppose this student also 
receives just a single hour of C credit. Because of the bias in the system, this student 
would be disqualified from receiving his degree! The inequity involved is obvious. 
In effect, the existing system totally ignores the graduate student's B grades, which 
usually represent the major part of his record. Instead, it decides his fate exclusively 
on the basis of the small fringe of A and C grades. 
Furthermore, the present system uses the five letter grades A, B, C, D and X. It 
can therefore initially recognize only four distinctions in performance. Yet from this 
crude scale, a numerical GPA is customarily computed to three "significant" figures! 
The seeming precision of a GPA computed in this way can be very misleading. 
Is a More Finely Divided Grading Scale the Answer? 
Individual faculty members have from time to time expressed dissatisfaction over the 
very limited number of letter grades available under the established grading system, 
and have made various counter proposals. The central and common feature of these 
proposals was to introduce finer grade divisions, while retaining all of the other 
general features of the existing system. The final consensus that emerged was the use 
of the following grades: A, A-, B+, B, B-, C+, C, C-, D+, D and X. This system is 
quite common throughout the country. 
Before proceeding with a detailed description of the operational system, let us 
briefly assess the revised traditional system as described above. First of all, it is 
clearly a great improvement over its predecessor. Of particular importance is the 
existence of the grade B+ which can now serve to denote graduate work that is definitely 
satisfactory and not just barely acceptable. Also, the availability of the various 
intermediate grades on either side of the critical B grade should considerably alleviate 
the pressure and inducement for the granting of excessive numbers of A grades to 
graduate students. 
Nevertheless, this revised traditional system is not without its own theoretical 
drawbacks. Firstly, the use of eleven distinguishable levels of performance is very 
hard to justify. It is open to serious doubt that a teacher can reliably and consistently 
identify significant differences in performance as fine as this. The examinations which 
are typically used to estimate a student's academic attainment usually provide only 
relatively crude measures. There is normally a very substantial element of random 
variance in test scores, especially if the total time and effort devoted to testing 
student achievement be rather limited. Moreover, the additional testing time and effort 
necessary to gain any significant improvement in the accuracy and reliability of final 
test scores quickly becomes prohibitive. 
In the final analysis, the use of any scale, however fine or coarse, is really 
justified only to the extent that it can be shown to be objective. A grade distinction 
in a particular course can be said to be objective if and only if a given student would 
receive exactly the same grade regardless of which teacher were to evaluate his work. 
Obviously, the finer the scale adopted, the more difficult it becomes to satisfy this 
requirement. 
A second very serious. limitation of the traditional system, whether the scale be 
coarse or fine, is the loose coupling that exists between the teacher's decision about a 
student's performance in the classroom and the ultimate decision that is made concerning 
the granting of a degree. Instead of expressing the instructor's definite recommendations 
on these questions directly, the traditional grading system merely provides a number on an 
abstract scale whose meaning is rather vague. The important questions are then answered 
later on the basis of numerical manipulation of these grades and some interpretation of 
the resulting GPA. In this process, the recommendations and responsibilities of each 
individual teacher for the resulting decision, ere largely hidden from view. It often 
happens that when a student is denied his degree the individual faculty members whose 
grade evaluations precipitated this result are not aware of the student's eventual 
academic fate and therefore have no sense of having participated in the decision which 
sea1ed it. 
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We conclude therefore that while the revised traditional system represents a 
significant improvement over its predecessor, it is still far from ideal as a solution 
to the problem of academic grading. 
The Operational Philosophy of Grading 
The operational approach to the rational design of a grading system starts with an 
inquiry as to the function and role of the grading system in the actual operations of 
the Postgraduate School, viewed as a degree granting institution. The school has the 
responsibility not only to offer adequate programs of instruction, but also to evaluate 
the academic performance of students so as to ascertain their qualifications for admis-
sion to a given program, or for award of a given degree. These evaluations necessarily 
involve the making of certain crucial yes or no decisions, sometimes difficult to make, 
concerning admission or no admission, credit or no credit for course work, granting or 
not granting of a degree, conferring or not conferring academic honors, requiring or not 
requiring remedial work in specific areas and so on. The grading system forms an 
essential part of this decision making machinery, along with the official degree require-
ments of the school and of the major department concerned with that degree. 
This operational philosophy points the way toward the rational design of a grading 
system. Its role is to guide basic academic decisions, therefore identification of the 
key decisions which must be made provides the factual basis for the system. Notice that 
by concentrating attention on the key decisions which necessarily must be made, we 
greatly limit and simplify the grading problem. We can now give up the over ambitious 
notion that the grading system must somehow do full justice to that extraordinarily 
complex and subtle combination of traits and activities that we call academic performance. 
Instead of attempting to assign a numerical figure of merit to the student's intellectual 
attainments, the course grade now becomes simply a clearly coded record of the teacher's 
definite decisions and recommendations concerning specific actions to be taken with 
respect to a student's work in that course. Thus, the grade tells quite definitely 
whether degree credit is or is not granted for that course. It tells whether the 
teacher does or does not recommend subsequent admission to graduate standing for that 
student. It tells whether he does or does not recommend the granting of additional 
academic honors. Thus each grade is defined operationally in terms of the exact 
consequences it entails to the student and to his advancement toward his degree. It 
accomplishes this directly in accordance with its clear operational definition rather 
than indirectly by means of an abstract numerical scale. 
Fortunately, as it turns out, the number of key operational decisions which actually 
must be made in each case is not large. In fact, the major decisions group themselves 
quite naturally into the categories shown in Table III, and these therefore form a simple 
yet adequate basis for the grading system. Notice that there is no numerical value 
associated with these grades. This is intentional. How then do we propose to get along 














MAJOR LEVELS OF DEGREE CREDIT AND 
CORRESPONDING OPERATIONAL GRADES 
Degree Level Toward Implied Recommendation 
Which This Grade Regarding Subsequent Selection 
Carries Course Graduate Standing 
Credit (where applicable) 
Any degree with Strongly 
academic honors recommended 
Any degree without Definitely 
academic honors recommended 
Any baccalaureate Definitely 




The answer is simplicity itself. The student merely accumulates the total number of 
course credits in various categories as specified in the degree requirements which govern 
his particular curriculum. As he completes each course, he either receives corresponding 
degree credit, or he does not., according to the grade earned in that particular course. 
If and when he accumulates the various required sub-totals of course credits, he earns 
his degree, otherwise not. In the case of a graduate degree, he must usually also 
complete an acceptable thesis. 
Notice that this system makes the student's status with respect to qualifying for his 
degree completely clear at all times despite the fact that it does not entail any 
reference to a GPA. 
Another strong benefit of this system is that it confers upon each teacher undisputed 
authority over his own course and at the same time places him under the obligation to 
register a clear and unequivocal decision regarding the precise category of degree 
credit to be accorded each student. The significance of the grade is no longer clouded 
by an inconsistency between a catalog definition which describes the grade as excellent, 
good, fair, poor, etc., and a numerical GPA which actually utilizes the very same grade 
in quite another way. The significance of the operational grade is not diluted by the 
use of a scale so fine that the real differences between adjacent grades cannot be 
objectively defined. The responsibility of the individual teacher is not disguised nor 
evaded by use of a mathematical procedure which replaces each personal grade decision 
by an anonymous and impersonal GPA. Moreover, the decision of each individual teacher 
within his own proper realm, namely, within his own course, whether favorable or 
unfavorable, cannot be over-ruled by decisions in other areas which may have no relation 
to that course. As a corollary to this, however, the favorable or unfavorable conse-
quences to the student of each teacher's decision are likewise limited to their proper 
sphere, namely, to the particular course involved. There is now no question of 
performance in some key course tipping the GPA so as to affect credit, for good or for 
ill, in all courses. This therefore eliminates a kind of random all-or-nothing effect 
which acts to black-ball some students unfairly, and to white-wash others undeservedly. 
The Marginal Student 
Almost any grading system can deal adequately with the student whose work is clearly 
very good, or any student whose work is clearly unacceptable. The real challenge is to 
deal fairly, intelligently and constructively with the marginal student. 
In this regard there are two opposite errors which we must try to guard against. One 
is the error of prematurely discouraging and defeating the student who really does have 
the potential to remedy his areas of weakness and to qualify fairly for his degree. The 
other error is to permit students who cannot honestly qualify to pass by the presumed 
safeguards in our grading system and thus wrongfully receive their degree. This outcome, 
whenever it occurs, simply cheapens the degree and to an extent defrauds the rightful 
degree holders of the full fruits of their achievements. 
How does the original grading system of the Postgraduate School, which is based upon 
GPA, stack up in this regard? For students whose GPA lies in the murky borderline region, 
the old system is unduly susceptible to small random influences. Hence the probability 
is high that the system makes an unnecessarily large number of errors of both types 
mentioned above. Unfortunately, these two opposite types of errors do not cancel each 
other out; they simply compound each other. It seems likely that the introduction of 
the modified traditional system using finer grade divisions should alleviate this 
tendency somewhat. 
Another grave limitation of the traditional system is that it relies excessively on 
punishing deficiencies in performance, but offers little incentive for any subsequent 
remedial effort. An initial low grade in any course produces a permanent black mark on 
the student's record which he can never subsequently erase by any remedial work in that 
particular course. In fact, his only recourse is to press hard for an A grade in some 
other course. The whole tendency of this system is clear. It detracts the student from 
any constructive action in relation to his real difficulties and sets him off in search 
of "soft" courses or "soft" teachers whose easy A grades will compensate for any weakness 
in his record. 
The operational grading system, as discussed up to this point, would itself be subject 
to some difficulty with respect to the marginal student if it were not for an additional 
feature which has been introduced into the system to deal with the problem. We shall 
first discuss the difficulty then consider the method adopted for dealing with it. 
The difficulty which the operational system must deal with, lies precisely in the fact 
that the performance of a certain small minority of students is truly marginal. For 
example, an occasio~al student will perform quite satisfactorily in many aspects of a 
· .... .. 
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course but will fail badly in a few essential areas. Sometimes the student seems to 
have the potential for correcting these weaknesses, given time enough, but is unable to 
overcome them by the time the formal course has ended. How can the teacher be both 
decisive and fair in marginal cases such as this? 
The answer is that he cannot! What is needed in such cases is not an arbitrary 
decision but rather an orderly deferment of a final decision. A delay can provide the 
student with the opportunity to remedy his weaknesses. It can provide the teacher with 
the opportunity for a careful and deliberate evaluation of the student's remedial effort. 
For this purpose, the operational system introduces the special grade of I, which 
denotes incomplete or deficient work. It grants the student a full additional year as 
a grace period in which to strengthen weaknesses and to submit to a re-eva1uation. His 
temporary grade of I is ultimately superseded by the grade finally earned, which may be 
any of the regular operational grades previously defined. Of course, if he does not 
remedy his weaknesses to the satisfaction of the teacher, his I grade automatically 
becomes an N, denoting no course credit. Note that this approach enforces strict 
ultimate standards of performance , yet does so in a completely constructive and non-
punitive spirit. 
EDITORIAL NOTE: 
The remainder of the article, including questions and answers about the proposed system, 
will be printed in the next issue of the BAROMETER. 
MEMORIAL TO THE LATE HON. L. MENDEL RIVERS: 
Charleston, S. C. -- The drive to raise $30,000 to construct a memorial to the late 
Congressman L. Mendel Rivers has reached the halfway point, according to General Mark 
Clark, Chairman of the Memorial Committee. 
The memorial will be a bronze bust of the late Congressman, located in a small park 
in the heart of Old Charleston. Columns of granite adjacent to the pedestal will bear 
inscriptions eulogizing the Congressman who died on December 28, 1970. At the time of 
his death he was Chairman of the House Armed Services Committee and had served as a 
Representative in Washington for 31 years. 
According to General Clark, the monument in memory of this great American can be 
erected appropriately only if sufficient contributions are received to underwrite the 
project. Gifts should be mailed to Rivers Monument, Charleston, S. C. 29401. Funds 
remaining after monument expenses have been paid will be placed in one of the scholar-
ships already established in memory of Congressman Rivers. 
-usn-
LETTER TO THE EDITOR: 
CDR Cerreta, USN, Public Works Officer 
We are all aware of the nationwide trend of increasing utility costs and in~ ~eased 
per capita consumption of utilities. The NPS is not exempt from these trends. The 
anticipated increase in utility cost at the Naval Postgraduate School for FY '72 over 
FY '71 is $62,800. This represents $38,900 due to increases in utility rates and 
$23,900 due to increased consumption. The average number of students on board in FY '71 
increased from 1,798 to 1,829 . The NPS received from BUPERS approximately the same 
amount of funds for operation of the School in FY '72 as it did in FY '71 with no 
~ additional funds to cover the increased utility cost. Therefore, the School is forced 
to either reduce consumption or cutback in other service areas. 
In order to attempt a reduction in consumption, a Utilities Conservation Board has 
been established. During the first meeting of the Board, the subject problem was 
discussed at great length. Aside from specific utility modifications, a conclusion was 
reached by the Board that an appeal should also be made to the students, faculty and 
staff to enlist their personal cooperation in this effort. It was decided that personnel 
at the NPS are mature, intelligent individuals and that amusing and attention-getting 
posters should not be the means of communicating the utility consumption problem. It 
was felt by the Board that if all concerned were kept abreast of the situation, with 
the monthly costs disseminated, interest could be developed in reducing our utility bill. 
Electricity accounts for approximately 50% of our utility cost. Therefore, a drive 
has been initiated to reduce electrical consumption. There are two input factors in 
determining the NPS electrical cost. The first factor is the peak demand, or the 
maximum amount of electrical energy consumed during any 30-minute period during the 
month. This is presently between the hours of 0800 and 1000 (Monday-Friday). The peak 
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demand for the November billing period was 2,400 kw. The other factor of billing is 
the total energy consumed during the month. This amounted to 1,068,000 kilowatt hours 
during the November billing period. Public Works budget analysts forecasted a "peak 
demand" of 2,500 kilowatts and total consumption of 1,120,000 kilowatt hours during 
the month of December. 
The cooperation of all hands is requested in attempting to bring our electrical bill 
below the target. The demand and consumption figures for January and subsequent 
months will be published in this publication. 
We request your interest, cooperation and participation in the Utility Conservation 
program. Every dollar saved is directed towards facilities maintenance and improvements 
which will benefit all personnel at the Naval Postgraduate School. 
LETTER TO THE EDITOR: 
Prof. r~. H. Vavra, Dept. of Aeronautics 
EDITORIAL NOTE: This letter was originally submitted to CDR D. W. Mathews, Curricular 
Officer of the Aeronautical Engineering Programs. It is reprinted because of its general 
interest for BAROMETER readers. 
1. Enclosure (1) [Notice of Change of Command of USS Enterprise CVAN 65 from 
RADM Petersen to CAPT Tissot, which occurred 3 Dec 1971] prompted me to write this 
memo with the intent to refute the often-heard opinion that time spent to obtain an 
advanced degree at NPS, or at other academic institutions, may be detrimental to a 
Naval Officer's career. 
2. Rear Admiral Petersen was a Lieutenant when he studied at NPS in 1950-1952 and 
obtained an MS degree in Flight Mechanics at Princeton University after another year 
of study. Later in his career he was a test pilot of the X-15 rocket plane. 
3. Captain Tissot came to NPS in 1958 as Lieutenant Commander, directly after 21 
months of residence at Stanford University where he received a Bachelor's degree in 
Aeronautical Engineering. After two years at NPS, and performing with an excellent 
academic record, he obtained a Master's degree in Aeronautical Engineering. I am proud 
to have been his thesis advisor. Together with Mr. G. B. Rothrock he submitted a 
thesis on conformal mapping of radial cascades in turbomachines which was outstanding. 
His course work performance and the thesis would have merited an Aeronautical Engineer's 
degree, but the first AeE degree was given only in 1963 to Lt. D. L. Felt with a thesis 
on turbomachines. 
4. Although many more examples could be given to substantiate the point made in 
paragraph (1), only two additional references to former NPS students, who became 
personal friends of mine, will be made. Rear Admiral C. O. Holmquist, who is Chief 
of Naval Research since 1970, studied at NPS for two years as Lieutenant (1949/50), and 
subsequently acquired a PhD degree from the California Institute of Technology. To 
this day, his thesis on three-dimensional flows in turbomachines is a widely quoted 
reference in the technical literature. 
Rear Admiral J. M. Tierney, former Commanding Officer of the USS Constellation, was 
promoted to Flag Rank in 1971. He entered NPS as Lieutenant in 1952, and transferred to 
Princeton University after two years where, studying for. another year, he obtained a 
Master's degree in Flight Mechanics. 
5. I believe that the standing of NPS as a whole, as well as that of the faculty and 
student body, would be greatly enhanced if wider publicity of the advancement of its 
alumni were given in the local news media. In particular, it seems to me that the 
details of Enclosure (1) are of sufficient importance to warrant such an effort • 
. . ~ 
